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Abstract

Background: The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) have drawn attention in recent years as novel non-specific inflammatory
markers; however, only a few studies have been conducted to investigate their value
in RA.

Objective: To investigate the value of the neutrophil-to-lymphocyte ratio (NLR) and
the platelet-to-lymphocyte ratio (PLR) as complementary diagnostic tools in rheuma-
toid arthritis (RA).

Method: This study included 1009 patients with RA, 170 patients with other rheu-
matic diseases, and 245 healthy individuals from four medical centers. The patients'
general data, including complete blood count, C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and rheumatoid factor (RF), were retrospectively analyzed,
and the NLR and PLR were calculated. Potential effective indicators were screened by
logistic regression analysis, and a receiver operating characteristic (ROC) curve was
plotted to evaluate their diagnostic value for RA.

Results: (a) The NLR and PLR were significantly higher in the RA group than in the
non-RA group and the control group (P < .05). (b) Spearman's Rho showed that the
NLR was positively correlated with the PLR (r = .584, P < .05), RF (r = .167, P < .01),
and CRP (r = .280, P < .01) but was not significantly correlated with ESR (r = .100,
P > .05). The PLR was positively correlated with RF (r = .139, P < .01), CRP (r = .297,
P < .01), and ESR (r = .262, P < .05). (c) Logistic analysis showed that RF, CRP, ESR,
and the NLR had diagnostic value for RA. (d) For the NLR, the area under the curve
(AUC) of the ROC curve was 0.831; at the cutoff value of 2.13, the diagnostic sensi-
tivity, specificity, accuracy, and Youden index were 76.7%, 75.9%, 76.4%, and 0.5424,

respectively.
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1 | INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease,! which mainly
affects synovial joints and even causes joint deformity and loss of
function,? resulting in a severe impact on quality of life.® Synovitis
is the major RA-related pathological change.* No targeted treat-
ment is available for RA, and the clinical goals involve achieving
treatment targets.5 The severity of inflammatory activity is a key
measure of clinical efficacy and treatment endpoints. Although
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
and disease activity score (DAS) were currently used to estimate
the RA, several studies have reported the limitations of these
markers.®’

Neutrophils, lymphocytes, and platelets have been reported
to play a role in the control of inflammation and are also associ-
ated with alterations in secondary to inflammation.® The neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) have drawn attention in recent years as novel non-specific
inflammatory markers. Previous studies have shown that the NLR
and PLR are closely related to cardiovascular diseases’ and malig-
nant tumors.’®!! To date, however, only a few studies have been
performed to investigate their value in RA, and the sample size of
those studies was small. In this study, we retrospectively analyzed
the clinical data of RA patients from multiple centers to investigate
the value of NLR and PLR as complementary diagnostic tools in the

diagnosis of RA.

2 | MATERIALS AND METHODS
2.1 | Subjects

We selected 1179 rheumatic disease patients (clinic and hospital
patients) with complete data who were treated at one of four medi-
cal centers between 2015 and 2019, including 432 patients (36.6%)
from Wujin Hospital, Jiangsu University, 310 patients (26.3%) from
Changzhou Second People's Hospital, Nanjing Medical University,
265 patients (22.5%) from the Third Affiliated Hospital of Soochow
University, and 172 patients (14.6%) from Changzhou Traditional
Chinese Hospital, Nanjing University of Traditional Chinese
Medicine. The patients were divided into an RA group and a non-RA
group. The RA group contained 1009 patients, including 818 women

and 191 men, whose ages ranged from 13 to 81 years. The non-RA

Conclusion: The NLR was less effective than CRP and RF but was superior to ESR in
the diagnosis of RA. The NLR can thus be used as a complementary diagnostic indica-
tor in the diagnosis of RA.

complementary diagnostic tools, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio,

group contained 170 patients, including 84 patients with osteoar-
thritis, 51 patients with systemic connective tissue disease, and 35
patients with ankylosing spondylitis; of these, 138 were women and
32 were men, whose ages ranged from 19 to 85 years. The control
group contained 245 healthy individuals, including 197 women and
48 men, whose ages ranged from 20 to 78 years.

Rheumatoid arthritis was diagnosed in accordance with the
guidelines developed by the American Rheumatism Association
(ARA) and the European League Against Rheumatism (EULAR) in
2010.%2 All patients had clinically active RA. The exclusion criteria
were as follows: (a) tendency to develop allergies; (b) pregnant and
nursing women; and (c) presence of severe primary or secondary dis-
eases such as malignant tumors.

This study was approved by the Ethics Committee of Wujin
Hospital, Jiangsu University (approval number: 2015-03).

2.2 | Methods

All patients were subjected to laboratory tests before treatment.
Peripheral blood was used to determine complete blood count, and
the numbers of neutrophils (NEUTSs), lymphocytes (LYs), and platelets
(PLTs) were recorded to calculate the NLR and PLR. The immunity
transmission turbidimetric method was performed to analyze rheu-
matoid factor (RF), immunoscattering turbidimetry was performed
to analyze C-reactive protein (CRP), and the modified Westergren
method was used to analyze the erythrocyte sedimentation rate
(ESR).

2.3 | Statistical analysis

SPSS 17.0 (IBM, Armonk, NY) and MedCalc (MedCalc Software
bvba) were used for the statistical analyses. Normally distributed
measurement data are expressed as the mean + standard devia-
tion (X = S) and were analyzed using one-way analysis of variance
(ANOVA). Non-normally distributed measurement data are ex-
pressed as M (P25-P75) and were analyzed with the Kruskal-Wallis
H test. Spearman's rho was performed to evaluate whether the NLR
and PLR were correlated with RF, CRP, or ESP; r > .6 indicated a
strong correlation, .4 < r < .6 indicated a moderate correlation, and
r < .4 indicated a weak correlation. Logistic regression analysis was

performed to screen diagnostic indicators of RA. Receiver operating
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TABLE 1 Clinical data and laboratory tests

Item RA group

Number 1009

Age, years (mean + SD, range) 64.52 + 10.12

Gender (F/M) 191/818

RF (1U/mL) 129.00 (41.85-394.00)*°
CRP (mg/L) 13.55 (10.37-50.93)*"
ESR (mm/H) 50.50 (28.25-79.00)°
NEUT (x107) 4.65 (3.35-6.36)*"

Ly (x107) 1.41 (1.07-1.91)*°

PLT 244 (192-312)

NLR 3.23(2.14-4.80)*°

PLR 168.68 (124.45-239.57)*"

WILEY-2°

Other rheumatic diseases

group Control group
170 245

68.26 + 8.15 61.45 + 12.50
32/138 48/197

59.52 (21.90-136.50)°
8.16 (4.15-29.87)°
33.5 (17-61.75)°
4.28(3.11-5.05)°

1.64 (1.23-2.10)°

224 (188-266)

2.36 (1.78-3.63)°
130.73 (95.83-174.15)°

8.00 (4.40-14.30)
2.30(1.50-3.01)
24.00 (17.00-31.00)
3.50(2.71-4.25)

2.17 (1.76-2.70)

255 (215-296)

1.54 (1.24-2.05)
113.77 (92.97-144.95)

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Ly, lymphocyte; NEUT, neutrophil; NLR, neutrophil-to-lymphocyte

ratio; PLR, platelet-to-lymphocyte ratio; PLT, platelet; RF, rheumatoid factor.

P < .05 vs rheumatic diseases group.
PP < .05 vs control group.

characteristic (ROC) curves were used to evaluate diagnostic sensi-
tivity and specificity, and the optimal cutoff value was determined
as the value corresponding to the maximum Youden index (sensitiv-

ity + specificity - 1). P < .05 was considered statistically significant.

3 | RESULTS
3.1 | Clinical data and laboratory tests

Table 1 contains the general data and laboratory tests of the in-
cluded patients. In the RA group, the mean age was 64.52 + 10.12,
and 75.7% of the patients were women, while in the non-RA group,
the mean age was 68.26 + 8.15, and 70.45% were women; in the
control group, the mean age was 61.45 + 12.50, and 77.5% of the
patients were women. No significant among-group differences were
observed in age or sex composition. RF, CRP, NEUTs, NLR, and PLR
were significantly higher in the RA group than in the non-RA group
and the control group, and the LY count was significantly lower in the
RA group than in the non-RA group and the control group (P < .05).
The ESR was significantly higher in the RA group than in the control
group (P < .05), but no significant difference was observed between
the RA group and the non-RA group (P > .05). No significant among-
group difference was observed in the PLT (P > .05).

3.2 | Correlation between the NLR and PLR and
laboratory indicators in the RA group

Spearman's rho was performed to analyze how the NLR and PLR
were correlated with RF, CRP, and ESR in the RA group (Table 2). The
results showed that the NLR was positively correlated with the PLR

(r=.584, P < .05),RF (r=.167, P < .01), and CRP (r = .280, P < .01)
but that it was unrelated to ESR (r =.100, P > .05). The PLR was posi-
tively correlated with RF (r = .139, P < .01), CRP (r = .297, P < .01),
and ESR (r =.262, P < .05).

3.3 | Logistic regression analysis

The significant indicators (RF, CRP, ESR, NLR, PLR) shown in Table 1
were used as independent variables, and the clinical diagnosis
was used as the dependent variable for logistic regression analy-
sis. The PLR (P = .807) was excluded due to its P value (P = .807).
The remaining independent variables, including RF (X1), CRP (X2),
ESR (X3), and NLR (X4), were included in the following formula:
LogitP = -6.506 + 0.163 X1 + 0.076 X2 + 0.014 X3 + 0.514X4. The
result showed that RF, CRP, ESR, and NLR were diagnostic indicators
of RA (Table 3). In addition, logistic regression analysis was used to
obtain the combined predicted probability-1 (Pre-1) of RF, CRP, ESR,

TABLE 2 Correlation between NLR and PLR and laboratory
indicators in the RA group

ESR CRP NLR PLR
RF 0.183" 0.054 0.167" 0.139°
ESR 0.289" 0.100 0.262"
CRP 0.280" 0.297"
NLR 0.584"

Abbreviations; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; RF, rheumatoid factor.

*P < .05.

**p <.01.
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TABLE 3 Logistic analysis results

Independent Standard

variable B error Wals P value Exp (B) 95% Cl

RF 0.163 .023 50.644 <.01 1.177 1.125~1.231
ESR 0.014 .007 4.029 .045 1.014 1.000 ~ 1.029
CRP 0.076 .015 27.272 <.01 1.079 1.049 ~1.111
NLR 0.514 197 6.828 .009 1.672 1.137 ~ 2.459
Normal -6.506 766 72.113 <.01 0.001

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-

lymphocyte ratio; RF, rheumatoid factor. Wals is a statistic.

and NLR. Hosmer-Lemeshow tests indicated that P > .05, which sug-
gests a good fit.

3.4 | Evaluation of the diagnostic efficacy of the
NLR for RA using an ROC curve

RF, CRP, ESR, NLR, and Pre-1 served as test variables, while the clini-
cal diagnosis served as the state variable for the ROC analysis. The
area under the curve (AUC) was obtained for each test variable, and
the diagnostic cutoff value for RA was determined as the value cor-
responding to the maximum Youden index. The results showed that
when RF = 19.0 IlU/mL and the AUC = 0.974, the diagnostic sensi-
tivity was 87.5%, the specificity was 91.0%, and the accuracy was
89.0%; when CRP = 3.2 and the AUC = 0.938, the corresponding val-
ues were 77.0%, 89.4%, and 82.2%, respectively; when ESR = 34.0
and the AUC = 0.751, the corresponding values were 74.1%, 73.5%,
and 73.9%, respectively; when the NLR = 2.13 and the AUC = 0.831,
the values were 76.7%, 75.9%, and 76.4%, respectively; and when
Pre-1 = 0.61 and the AUC = 0.988, the values were 93.0%, 95.1%,
and 93.9%, respectively (Table 4, Figure 1).

4 | DISCUSSION
The inflammatory response promotes pannus formation over the
joint, which is the major cause of joint damage.” In recent years,
researchers have developed a deeper understanding of RA thanks to
more in-depth studies.!*'®> However, the evaluation of the severity
of inflammatory activity in RA patients is still challenging.'® Some
RA patients do not present typical symptoms, which increases the
difficulty in diagnosis. Common RA assessments have some limita-
tions. For example, in patients with low disease activity, ESR, CRP,
RF, the disease activity score (DAS), and the clinical disease activity
index (CDAI) are at cutoff thresholds and are often overlooked; how-
ever, patients still have synovial inflammation and progressive joint
damage. Previous study showed that even in clinical remission, bone
and joint damage continued to progress in some patients due to per-
sistent synovial inflammation.'” Therefore, it is critical to accurately
assess the severity of inflammation.

The NLR and PLR have continued to draw attention as novel

non-specific inflammatory markers. Uslu et al showed that it was

more economical to use NLR (rather than CRP or ESR) as an inflam-
matory marker of RA.’ The NLR represents the balance between
neutrophils (inflammatory activators) and lymphocytes (inflamma-
tory regulators). A higher NLR is associated with more severe imbal-
ance and inflammation.? The PLR reflects the state of coagulation
activation and the inflammatory response.?° This study showed that
the NLR and PLR were significantly higher in the RA group than in
the non-RA group and were significantly higher in the non-RA group
than in the control group, which were consistent with the findings of
Erre et al?! A correlation analysis demonstrated that both the NLR
and PLR were positively correlated with RF, an important inflamma-
tory marker of RA, which suggests that the NLR and PLR may aid in
the initial diagnosis and the differential diagnosis of RA. Moreover,
this study showed that the NLR and PLR were weakly correlated
with RF and CRP, which was consistent with the results reported by

100

80

60

Sensitivity

40

20

100-Specificity

FIGURE 1 Receiver operating characteristic curve of CRP,

RF, ESR, NLR, and pre-1 diagnosis of RA. CRP, C-reactive

protein; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to
lymphocyte ratio; Pre-1, predicted probability-1; RF, rheumatoid
factor. The ROC curve of the diagnostic value of the NLR for RA.
At the cutoff value of 2.13 and an AUC of 0.831, the diagnostic
sensitivity, specificity, and accuracy were 76.7%, 75.9%, and 76.4%,
respectively, which were lower than the corresponding values for
RF and CRP but higher than those for ESR
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TABLE 4 Assessment of the ability of CRP, RF, ESR, NLR, and Pre-1 in the diagnosis of RA

Sensitivity Specificity Maximum Negative Positive Diagnosis
Item AUC Cutoff (%) (%) Youden index likelihood ratio likelihood ratio accuracy (%)
CRP 0.938 3.20 77.0 89.4 0.8064 0.0072 5.30 82.20
RF 0.974 19.0 87.5 91.0 0.8352 0.074 9.53 89.00
ESR 0.751 34.0 74.1 73.5 0.5222 0.37 3.98 73.90
NLR 0.831 2.13 76.7 75.9 0.5424 0.31 3.51 76.40
Pre-1 0.988 0.61 93.0 95.1 0.8958 0.078 32.35 93.90

Abbreviations: AUC, area under the curve; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio; Pre-1,

predicted probability-1; RF, rheumatoid factor.

Chandrashekara et al??

NLR is a cheap and readily available marker
for the assessment of disease activity in RA.2% A recent meta-anal-
ysis of 16 studies showed that the NLR and PLR were significantly
elevated in RA patients and were positively and weakly correlated
with RA activity.?*

To further analyze the diagnostic value of the NLR, PLR, RF,
CRP, and ESR in RA, we performed a logistic regression analysis
to analyze these independent variables in RA patients and found
that the NLR, RF, CRP, and ESR were related to the diagnosis of
RA, while the PLR was unrelated to the diagnosis. Again, these
results were consistent with those of previous reports. Boulos
et al showed that the NLR is an objective inflammatory marker of
RA that can be tested in a cost-effective and reproducible manner
and that an NLR > 2.7 is an independent predictor of RA triple
therapy failure; however, they also found that the PLR was not
an independent predictor of triple therapy failure.?®> The study of
Zengin et al®® found that NLR is a new inflammatory marker to
assist the diagnosis of early rheumatoid arthritis (ERA), but PLR is
not applicable to the diagnosis of ERA.

Receiver operating characteristic analysis showed that RF was
still the best laboratory diagnostic indicator for RA, with an AUC
of 0.974, a diagnostic sensitivity of 87.5%, a specificity of 91.0%,
and an accuracy of 89.0%. For the NLR, the sensitivity, specificity,
and accuracy were 76.7%, 75.9%, and 76.4%, respectively, which are
all lower than the corresponding values for RF and CRP but higher
than those for ESR. These data indicate that while the NLR is less
valuable than CRP and RF for the diagnosis of RA, it is more valu-
able than ESR, which is an inflammatory marker commonly used to
assess RA-related inflammation activity. The sensitivity, specificity,
and accuracy of Pre-1 for the diagnosis of RA were higher than those
of any individual marker, such as NLR, RF, CRP, and ESR, which in-
dicates that although these indicators can be used alone or in com-
bination to aid in RA diagnosis, a combination of these indicators is
more effective.

In summary, the NLR has limited value as an independent di-
agnostic marker for RA. However, the NLR can be obtained via
complete blood count, which is convenient, inexpensive, and fast.
Therefore, the NLR is especially suitable for primary care centers
and can serve as an additional useful marker for the diagnosis of RA.
The NLR has important value in the assessment of RA-related in-
flammatory activity and may be used as a complementary diagnostic

indicator in the diagnosis of RA.
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